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Abstract Integrated access to distributed data is an impbrtascores, and we have based our approach in thimaffie.

problem faced in scientific and commercial applamas. A data
integration system provides a unified view for ssép submit
queries over multiple autonomous data sources. gueies are
processed over a global schema that offers anrateyview of the
data sources. Much work has been done on quenegsiog and
choosing plans under cost criteria. However, natnsah is known
about incorporating Information Quality analysis toin data
integration systems, particularly in the integratsthema. In this
work we present an approach of Information Quaditalysis of
schemas in data integration environments. We désctize
evaluation of schema quality focusing in the miritpaaspect and
define some schema transformations to be appliedrder to
improve schema design.
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1. Introduction

Information Quality (IQ) has become a critical adpé

organizations and, consequently, in Information t&ys
research [11, 33, 40, 15, 16, 17]. 1Q is a multetsional
aspect and it is based in a set of dimensionsitrier. The
role of each one is to assess and measure a sg€riispect
[32,37,40, 4,3, 1,41, 12, 13, 38, 42, 43].

The main feature of a data integration system fsete the
user from knowing about specific data sources ameract
with each one. Instead, the user submits queriaglimbal or

integrated schemawhich is a set of views, over a number of

data sources, designed for a particular data iategr
application. Commonly,
involving query submission, planning, decompositiand
results integration are performed by a software utedalled

mediator [44]. Each source publishes a data source schema
with the representation of its contents. The mediat

reformulates a user query into queries that refi@ectly to
schemas on the sources. To successfully reformalgteery,
the mediator uses a set of correspondences, csileeima

Data

the tasks of query procegsin

In a data integration system, we consider gbleemasas
the structures exported by the data sources (s@ot@mas),
the structures that are used by users to buildiepi¢nsers’
schema) and the integrated schema.

As a starting point, we have compiled IQ classtfaras
proposed in previous works [1, 14, 32, 33, 40,28],27, 42]
and adapted them to address schema quality in data
integration systems. After this analysis we progoseme
variations: some criteria are not considered (pptieable),
and some were adapted to our environment. Constguen
we obtained a list of three 1Q criteria presentedable 1.

Table 1.1Q Criteria for schema quality analysis
IQ Criteria Definition Metrics
Schema The extentto | 1 — (#incomplete
Completeness which entities | items /
and attributes | #total items)
of the
application
domain are
represented in
the schema
Type Data type 1 — (#inconsistent
Consistency | uniformity schema elements /
across the #total schema
schemas elements)
Minimality The extentin | 1 — (#redundant
which the schema elements /
schema is #total schema
modeled elements)
without
redundancies

Schema Completeness

The completeness can be measured as the percertagd-

mappings There are also the user schemas that represent tPrld objects modeled in the integrated schema ¢hatbe

requirements of information defined for one useaagroup
of users.

To the best of our knowledge, 1Q criteria concegnin

global schemas quality in data integration systemes not
defined in literature. As earlier discussed in K¢t8], we
believe that an alternative to optimize query ekieocuwvould

be the construction of good schemas, with high itual

Received December 14, 2007.

found in the sources. Therefore, thehema completeness
criterion is the number of concepts provided by shbeema
with respect to the application domain.

Type Consistency

1 # denotes the expressioNtmber of
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Type consistencys the extent in which the attributesuser preferences, the second class concerns they que

corresponding to the same real world concept aneesented

Batista and
Salgado

processing aspects and the last one is relatethetodata

with the same data type across all schemas of a daburces.

integration system.

Minimality

Minimality is the extent in which the schema is compactl

modeled and without redundancies. In our pointiefw the
minimality concept is very important to data int&ipn

The work proposed by Herden [14] deals with meaguri
the quality of conceptual database schemas. Irafipsoach,
given a quality criterion, the schema is revieweg &
§pecialist in the mentioned criterion.

In [35] the authors propose IQ evaluation for data
warehouse schemas focusing on the analyzability and

systems because the integrated schema generatadebysimplicity criteria

system may have redundancies.
analyzing minimality is the statement that the mimiaimal
the integrated schema is, the least redundanciesntins,
and, consequently, the more efficient the querycetien
becomes [18]. Thus, we believe that our minimadityalysis

The key motivatayn f
Some relevant works [5, 29, 24] are concerned with

addressing 1Q issues in data integration systereglta in

[29] proposes addressing the problem of data gqualit

evaluation by a framework which is based on a graplel

will help decreasing the extra time spent by medst of the data integration system. The system is neadek a

accessing to unnecessary information

redundant schema elements.

represented

In this paper we discuss the use of minimalityecidn
analysis in a data integration system, when relatedhe
system’s schemas. This criterion defines that amersa
element has good quality if it has no redundancies.

The quality analysis is performed by a software ahed
called IQ Manageror Information Quality Managewvhich
may be attached to a data integration system. @&ttbment

Wwyrkflow represented by a graph in which the atidgi
perform the different tasks that extract, transfamd convey
data to users. It was presented an experiment thithdata
freshness 1Q criteria. The work described in [2¥pauses
the activities graph representation for the intégnasystem
defined in [29]. The author defined the actualeal of the
quality properties at the sources, and at the fated system
there are the expected values of these propefthes.focus
of this work is the definition of strategies foretproblem of
managing the changes in the quality of sources, the
management of the consequences that source qoladibges

of integrated schema generation or update, thisufeod may have on the system quality. Again, in this wahlere is

proceeds with the criteria assessment and theordiog to

no reference about specific criteria for schemdiyyanly

the obtained 1Q scores may execute adjustments tner for the data-related criteria freshness and acgurac

schema to improve its design and, consequentlygthey
execution. This last step of schema tuning is etescafter
the 1Q evaluation.

The paper is organized as follows: in section 2geuss
Information Quality (IQ) and its use in data intain;

The proposal discussed in [5] is a data integragigstem
with features to improve the user query processige of
the optimization resources is the use of 1Q catefor
selectively materialize data into a local repositor

Other relevant topic to consider in 1Q and datagration

section 3 _disc_usses _the formal_ism Usefi_ for_ schem@sihe set of quality criteria for schemas. These aitical
representation; in section 4 we discuss minimafitymal gue the importance of the integrated and data ssurc

specificati_on for the schema.context; sgction S@mes the scphemas for query processing. Some works are defatéQ
schema improvement algorithm; section 6 presents tgpects of schema equivalence and transformatisris, [2],

practical results obtained with the proposal impatation
and section 7 discuss the final considerations tatloe
mentioned topics.

2. Related Works

It has long been recognized that 1Q is describednalyzed
by multiple attributes or dimensions. During thestpgears,
more and more dimensions and approaches werefiddriti
several works [14, 26, 35, 2].

Naumann and Leser [26] define a framework addrgssi

the 1Q of query processing in a data integratiostesy. This
approach proposes the interleaving of query planmiith
quality considerations and creates a classificatiitim twenty
two dimensions divided into three classes: ondeadlto the

where the authors exploit the use of normalizatiales to
improve 1Q in conceptual database schemas.

We have found many works concerning 1Q related to

aspects of data integration. Some of them are ezoing
schema quality. But we have not find works related
investigate the impacts of minimality score in tagshemas.

Our proposition is centered in 1Q analysis for sohe of
data integration systems. The differential of oppraach is
the proposal of processes of schema managemertiatssio
I){\/ith the minimality criterion examination featur&s obtain
improvements in schema design and query execution.
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3. Schema Representation Attribute schema mappings are the mappings among
attributes of semantically equivalent entities. Trhapping

In data integration systems, the user submits gsieild an E;.A; E,.A, indicates that#y;, and A, are semantically
integrated schemawhich is a set of views, over a number okquivalent.

data sources, designed for a particular data iategr
application. Each source publishes a data soutens with
the representation of its contents. The data iategr system
must reformulate a user query into queries thatrsedirectly
to schemas on the sources. To the reformulatiop, $kee  Before defining a path mapping, it is necessangefine two
data integration system requires a set of corredgmes, concepts:link and path A link between two X-Entity
called schema mappings.Commonly, data integration elementsX; andX, (X 1.X,) occurs ifX, is an attribute of
systems use XML to represent the data and XML Seh@m the entity typeX;, or X, is an entity of the relationship type
represent schemas . To provide a high-level algirafor X, (or vice-versa).

XML Schema elements [30], we use a conceptual data

model, called X-Entity [20, 21] described in whalléws. If there is a multiple link, it is called path In this case it

Path mappings specify special types of mappings between
attributes and subentities of semantically equivialentity
types with different structures.

We also present the schema mappings with thisinotat may occurs a normal path....X , or an inverse path
(X1.X2....X )1, Any X-entity element is represented
3.1 X-Entity Model by paths. A path mapping can occur in four casssufaing

The X-Entity model is an extension of the ER md&gli.e., P1andP, as two paths):

it extends it with additional features to represefMlL Case 1P, = X, X,.X , andP, =Y ..Y,..Y o
schemas. The main concept of the model is theyemyi®, \wherex, Y;. The mappingP; P, specifies that the entity
which represents the structure of XML elements cosed  typesx, andY,,are semantically equivalent.

by other elements and attributes. An X-Entity scaénis Case 2P, = X 1 X 2. X oA andP=YLY .Y A

gﬁ??iitbcfr;;ﬁcl)ish)i, vtvheersE Is a set of entity types and whereX; Y;. The mapping®; P, specifies thatAl X, and
Pypes. the attributeA’ T Y, are semantically equivalent.

Entity type an entity type E, denoted by Case 3P; = X1.X,.X pandP,=(Y 1.Y,.Y )71,
EA 1,...,.AL{R 1,....R}) , is made up of an entity whereX; Y .. The mapping?;, P, specifies that the
nameE, a set of attributefA 1,...,A,} and relationships entity typesxX, andY, are semantically equivalent.
{R1,....Rn}. The attributegA,,...,An} represent either Case 4P, = X 1.X,..X ,AcandP,=(Y 1.Y..Y o)
XML attributes or simple XML elements. In X-Entity 1 A’  whereX; Y .. The mapping®, P, specifies
diagrams, entity types are rectangles. that the attributed, T X, and the attributéy’ 1 Y, are
semantically equivalent. Consider the integrated data

Containment relationshipa containment relationship source schemas in Figure 1

between two entity typek and E;, specifies that each
instance ofE contains instances &;. It is denoted by
R(E,E 1,(minmax)) , where R is the relationship
name and (min,max) are the minimum and the
maximum number of instances df; that can be
associated with an instance®f

Reference relationshipa reference relationship, denoted
by RE1.E2 {A 11, A} {A 21,...,A2}) , where

R is the name of the relationship where the etyipe &
references the entity type ..E {A11,...,A1n and
{A21,...,A2} are referencing attributes betwelenand
E, such that the value o4, 1 i n,ing
matches a value @ , 1 i n,inE,.

3.2 Schema Mappings

There are several types of schema mappings to flgrma
describe the associations between the concepts-Exfitdy
schemas [36, 23]. We consider an X-Engégmentas an
entity type, a relationship type or an attribute:

Entity schema mappings if E; andE, are entity types, the
schema mappinds; E , specifies thatE; and E, are

semantically equivalent, i.e., they describe thenesaeal

world concept and they have the same semantics.
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Figure 1. X-Entity Schemas
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created. Thus, we assume that the 1Q module hasstc a
pre-existent set of semantic mappings between tia d
integration schemas.

Our proposition, centered in 1Q analysis for scherm
data integration systems, has goals of query opditioin and
it is detailed in the following sections. The systeses the
Seth’s similarity scale for define schema equived=n[34].
Particularly, in the environment used to experiment
approach [5, 20, 21, 22], a schema matcher compdsen
responsible to maintain equivalencies and mappamgsng
sources and integrated schema.

4. The Minimality Criterion

The key motivation for analyzing minimality is ts&atement
that the more minimal the integrated schema is, |¢aest
redundancies it contains, and, consequently, theemo
efficient the query execution becomes [18]. Thus, vave
based our analysis in the measurement of minimtdityelp
decreasing the extra time spent by mediator witesg to
unnecessary information represented by redunddwnsz
elements.

It is important to notice that the proposed apphoacnot
only to be applied in X-Entity schemas. The miniityalQ
may be useful in any integrated schema to minimize
problems resulting from schema integration procgsfer
example, to have semantically equivalent concepts
represented more than once in one schema.

The Table 2 presents the relevant schema mappings

identified to computdook ,, andchapter ., The mappings
specify the semantic equivalences between theritisd and
data source schema elements.
Table 2. Schema mappings between the integrated sche
Sied and schemasS; andS,

MR:book ,, book 1
MB:book ntitle m
MR:book mpublisher

book ;.title 1
m book 1.publisher 1

MR:chapter . chapter 1
MR:chapter mchapter_title m
chapter j.chapter_title 1

MR:book mbook n _chapter mchapter n
(chapter j.chapter_ref_book 1.book 1) 1
MP::book m book >

MR:book ntitle m book ».title 2
MR:chapter 1 chapter »

MRo:book nbook . chapter mchapter
book ».book ,_chapter ,.chapter

MRi:chapter mnchapter._title m Chapter ,.ch_title 2
MR2:book npublisher m
book >.book »_publisher ,.publisher  ,.pub_name ;

In data integration, the mappings are essentiatsore the
guery processing over integrated schema. We asthanthe

mappings and schema elements equivalences aredyalrea

defined automatically by the system or even maxulay
advanced users. It is very important to point thatwork is
not concerned with semantic similarities. The psgmb IQ
environment was designed to be included in an exisiata
integration system with all the schemas and majpéhgady

4.1 Definitions

It is necessary to consider an existent data iatEgr system.
More formally, a data integration system is definad
llows:

Definition 1 — Data Integration System (b):

A data integration system is a tupl®, = < dS .
where: d is the set ofS, data sources schemas, k=
<S,,S,,...,S>, wherew is the number of data sourcesbin
andS,, is the integrated schema, generated by modul&s of
In B, the following statements are true:

Sn is a X-Entity integrated schema such 8g =
<EE,..E >, where E, is a mediation entity 1(

k n ), andn,,is the number of entities B,

"El S

E{A WA oA LB, R wiReD) o, »Where
{AGA oA } . Iisthe setofattributes &, (a >
0) i {R\yR n--sR },, isthe setof relationships Bf,
rv 0).

If X; andX, are schema elements (attributes, relationships
or entities), the schema mappiXg X , specifies that
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X; and X, aresemantically equivalent.e., they describe The relationshigR connectsE, andE, if and only ifR 1
the same real world concept and have the same sieman {Ryp--R }, andR 1 {TpT }
- yaees v

Every information system (even a data integratina)ds . . . .
constructed from a number of requirements. Moreover W€ define R as aredundant relationshipin Sy, i.e.
embedded in this set of requirements is the agjita R€dRSm =1 Iif:
domain information [19], very important to schemas

construction. $P1, P]_:Ek.Rj ..... Ts.E v, P, isa path with

In data integration context, we define a schema asa I {Rw-R }krk andTs | {Tyl'""T }yry ’

redundantif it has occurrences of redundant entities and/or
relationships. We introduce the definitions 2 to 5. sucha#®; R.

Definition 2 — Redundant attribute in a single entity: In other words, a relationship between two entities
redundant if there are other semantically equivalen

An attribute A of entity E, is redundanf i.e., relationships which paths are connecting the same t
Red(Ay ,E)=1, if $ECA Y, i, Aql  entities.
{A kl’A |(2.__,A } ka \ such ass A E A Kj s 1£ |,j o . . . )

It is important to say that a relationship equivate is

Eay determined by a path equivalence, i.e., two ratatiips are
semantically equivalents if their paths are alsmadically

Definition 3 — Redundant attribute in different entities: .
equivalent.

An - attribute A of the entity B, Aq | In a redundancy analysis, whdfe E ,, we must decide

A oA i, i redunciant, LeRed(Aw ) = if Red(E;,Sm =1 orRed(E»S.) =1 , because both
1, it $E, o ke E o | Sn ) E « Eo, situations are possible. However, only one elennemst be
Eo({Bo:B 2B } s, ) B are attributes of £and  marked as redundant and removed, while the ottetchae
$E,Bo, B 1 BB B}, such as keptin the schema to assure that domain informatid not
EcAw EoBo.1 £i £a,l £] £ao be lost. In our approach we use some issues tolelediich
one of two redundant elements is marked and remaoasd
If for an attributeA; of entity E,, Red(A ,E x)=0, we shown in section 5.

say thatd; isnon-redundant ) .
We agree with the work presented in [45], wherengha

Definition 4 — Entity Redundancy Degree: states that redundancy is asymmetrianetric. He states that
an elemeng; may cause other elemeft to be viewed as
An entity B, has a positive redundancy degree in schem@dundant, but if the order is reverség,may not causeg,
Sm i.e. Red(E«,S >0, if Ec has at least one redundantg pe assigned as redundant, as it would be inmansjric
attribute. The redundancy degree is calculated m tconcept_ A simple example is the case of an erfity
following formula: entirely contained in other entify,, E; may be viewed as

o redundant buE, may not.
Red(A,,E,) (

Red(Ex,.Sw= .., 1)
T a 4.2 Minimality
A schema is minimal if all of the domain concepts
where relevant for the application are described onlyeofi8, 39,
N 31, 25].

Red(A, E,) IS the number of redundant Thus, we can say that the minimality of a schemenéds

degree of absence of redundant elements in themsche
Likewise our point of view, Kesh [18] argues thatrere

i=1

attributes irg, and;

a, is the total number of attributes. minimal (or concisg schema will make itself more efficient,
and consequently improves the performance of ojpesat
Definition 5 — Redundant Relationship: and queries over it.

) _ A N To measure the minimality, we must first determihe
Consider a relationshiR | S, between the entitiel, redundancy degree of the schema. To each one afetkie
and E, represented by the pathE.R.E,, redundancy definitions (6 and 7), we assume tHewig:

R {R,.,..R and R 1 ,  where . . . o
Ry b, Ty by, i) N is the total number of relationships ip;S

{Rp-R }, is the set of relationships of, and
TpnT } is the set of relationships . i) ny is the total number of entities ip,S
yree yry
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iii) reis the number of relationships of each entityift Red(movie S ) =0
Sh; Red(actor rﬁSn):O
Red(theater .S )=0
L. i . Red(artist S n}Zl
Definition 6 — Entity Redundancy of a Schema: ER(S }= U4 +4)=0125
The total entity redundancy of a schemai$ computed RR(S )= 1/(4+4)=0125
by the formula: Mi(S )=1-(0125+0.125)=0,75
Re S
ERGSn = “nﬂ ), Figure 3. Schema minimality score
WhereRed(E WS m) is the redundancy degree of eﬁh The m|n|ma|lty of SChemSm is 75%, what means that the
in S schema has 25% of redundancy that can possibly be
eliminated.
Definition 7 — Relationship Redundancy of a Schema:
The relationship redundancy degreeSgfis measured by 5 gchema IQ Improvement
the equation:
RR(Sm= #RedRS), 3), After detecting the schema 1Q anomalies, it is jpbssto
N restructure it to achieve better IQ scores [2].ohder to
where #Red(R,S ) is the number of redundantimprove minimality scores, redundant elements mist
relationships irs,, as stated in Definition 5. removed from the schema. We proposed schema

Definition 8 — Schema Minimality: improvement actions specified in the algorithm able 3.

We define the overall redundancy of a schema imta d e congition of minimality = 1 is the ideal casbere the

integration system as the sum of the aforementioneflhema is minimal, and this can occur when all mehe
redundancy values: entities (ER) and relationsfif), by o4 ndancies are eliminated

the formula:
Mig=1-[ER(S )*RR(S)] . (4) The detection of redundant elements processes are
executed in steps 2, 4 and 6, already describgaenious
4.3 Example definitions. Redundancies elimination in steps 3n8l 7 are

As an example of minimality evaluation, assume thglscussed In next sections.
redundant schema of Figure 2. The entigist ,, is

redundant because it is semantically equivaleradior |, Table 3 Schema improvement algorithm

and all its attributes have a semantically equivale 1 |calculate minimality score and if
correspondent iactor ., minimality = 1, then stop; o
2 | Search for fully redundant entities in
. . . . . S

The relationshipmovie _artist , is also redundant 3 | If there are fully redundant entities

because it has a semantically equivalent relatipnsh hen eliminate the redundant entities
. . m

movie , actor ., andactor ., artist m The schema 4 | Search for redundant relationships in S "

P P . . . . 5 | If there are redundant relationships
minimality value will be obtained as in Figure 3. then eliminate the redundant

relationships from S ™

Search for redundant attributes in S ™
If there are redundant attributes

then eliminate the redundant attributes

fromS

8 |GotoStepl

~N o

5.1 Redundant Entities Elimination

After removing a redundant entiBy its relationships must
be relocated to a semantic equivalent remainingtyent
When removing a redundant ently (E ; E ), thelQ
Manager transfers the relationships & to the remaining
equivalent entityg,. Three different situations may occur
when moving a relationshig,, R, T E 1:

nationality,

artist = actor,

id, = ssh;

nationality, = country,

m

Figure 2. Schema with redundant elements A
i) if Rk I E, thenR, is deleted because it is no
longer necessary;

i) if Re T E, but$R, R, T E,sucha ° Ry
thenR, is deleted;
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any other schema modification besides the entitgtide.
The third case needs more attention, once redundant
relationships of the removed entity have to becated as
stated in the following.

Definition 9 — Substitute Entity: category

Red(Ek,S w=1 andE; has at least on8ubstitute Entity
Es, i.e.Subst(E )=E s, such as:

iy if Re T E,and there is n&®, R1 E; such aR,
° Ry, thenR, is connected té&,.

The first and second situations are not supposexhuse

E. is a fully redundant entity, if and only if

Coomen_ 2 amamen

artist m= actor

id , =ssh => Red(artist mSy =1
) nationality = country '
B g A }'{Rak""’Rxl ) . A are attributes
andR,, are relationships & and,; Figure 3. Redundant entity elimination

EfA 40A LR LRy D < A, are attributes The fully redundant entitgrtist  , (with its attributes) is

removed and it is substituted by the semanticallyivalent

andRy; are relationships @& and ] o= 4
actor ., Consequently, the relationshipovie ,,_artist |,

By Es and " E A T{Akl,....A Va » SESAg may be deleted and it is replaced by the remaiaigvalent

B A ) N With EcA g E.Ag . relationshipmovie ,, actor |,

) ) ) ] The relationship artist , award ,, is relocated to
An entity E is considered fully redundant when all of itsactor |\ turning  into the new  relationship

attributes are redundant, i.Bed(E«,S =1 and it has a actor ,, award ,, With these operations, it is possible to
substitute entityEs in Sy, All the attributes ofEc are gbtain the non redundant schema represented imeFigu
contained inEs. Ex may be removed from the original

schemasS,, without lost of relevant information if it is
replaced by itsubstitute entityes. Any existing relationship
from Ex may be associated K.

Definition 10 — Relationship Relocation:
eliminated fromS,, In this case, in order to do not lose any
information, E; relationships may be relocated 8, It is

possible to relocate the relationships fregto Es according
to the following rules, i.€. E¢.R :

In a schemaS,, if Subst(E \)=Es, then E, can be

If E.Ry T {Rg...R }, then Ry must be
deleted because it is no longer useful;

fERy | R R } but $E..R .. such that Figure 4. Schema after redundant entity elimination
. J ISLER] sr S . sps

E«.Ry ° Es.Rg thenE.Ry; must be deleted because ) ) o

it has an equivalent relationshiptg; 5.2 Redundant Relationships Elimination

fERy | R R } and $E..R, such as After removing redundant entities and performing th
. J spty sr S - sp

_ ) necessary relationship relocations, th® Manager is
EcRy ° EsRgp then, E is redefined as sypposed to analyze if there are remaining redundan
EA A MR.-R. D «. » A s are relationships to eliminate them. This can be acdisimgd by
. ; . . urely deleting from the schema, the relationsiestified
attributes and Rs are relationships ofEs and purely g
t ) as redundant.
{Rsl"'”R }er{R:”"sB } Rr s E kj .. . . .
After eliminating the redundant relationships tldbesna
The relationship relocation is illustrated in Fig®. In the becomes with no relationship redundancies and ddace

Figure 3, the redundant elements are represenigmeyn had lost of relevant information.

5.3 Redundant Relationships Elimination
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The last step of schema improvement algorithm et @ sources. As mentioned before, the data in the sysie
investigating and eliminating remaining redundattiteutes  represented with XML and the schemas with XML Schem
in schema. Similarly to the redundant relationshigimoval In our experimentation the following steps werecexed:
step, these attributes may merely be deleted fromersa.
This occurs because the schema always has senfigntica (i) the queries were submitted over an integrated sehem
equivalent attributes to substitute the redundametso After with a some redundancy and the execution times were
executing the schema improvement steps, IheVlanager measured;
can recalculate and analyze minimality scores ideorto (i)

. . . . the redundancy elimination algorithm was executed
determine if the desired IQ is accomplished. y g

over the redundant integrated schema generating a
completely minimal schema;

6. Experimentation Results (iii) the same queries used in step (i) were executed.

We implemented the IQ Manager in an existing mediat  The results obtained with these experiments hawn be
based data integration system. It is a softwareuteothat satisfactory since query performance was improViée.used
executes minimality analysis and schema improvemeat real world data integration application in heatthre
actions. domain, the mediator works with two data sources with
) ) data of a public hospital and the other with dataimed
At the moment of integrated schema generation da )  from video-conferencing sessions of real-time ctiaians

the IQ Managerproceeds with the criterion assessment angunveen medical specialists in different locations.
then, according to the obtained scores, executestatents
over the schema presented in Section 5. More dedhibut There are portions of the data source schemaggimds
the data integration system can be found in [5]. 5 and 6. The redundant integrated schema is pegbent
Figure 7.The schema mappings between the dataesoant
The module was written in Java and the experimeatiu o integrated schema are listed in Table 4.
two databases — MySQL and PostgreSQL — to storedtee

o @%
@ healiAgent @
oS 2 ’@ &

% clinicalCase @
T > o>

Figure 5. Schema of public hospital data soursg)(
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Figure 6. Schema of telemedicine data sour8g) (
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Figure 7. Redundant integrated schena)(

. . MRs: physician mcode , healthAgent j.agid i
Table 4 Schema mappings between the redundant integrated mgﬁ pnySician mbranch " l?ﬁzlth/ﬁgent 1(.j$pe|%i|alty 1
s: physician  mcrm n  healthAgent  i.medicali 1
schemd,, and the source schenfdsandS, MRBo: physician  mnamen physician  .name
_ MRy: physician maddress ,, physician ,.address
MR:case n clinicalCase 1 MR;: physician ~ ,specialty ., physician  ,.specialty
MB:case n case ; MR;: physician ~ ncode ,, physician  .cpf »
MR:physician  n healthAgent MR3: physician ~ ncpfm  physician  ,.cpf »
MR: physician ~ »  physician > MRy: physician ~ mbranch  physician ,.specialty >
MR: patient patient MR;s: physician  discipline m physician  ,.specialty  ,
MR: patient  n patient MR: physician memail , physician ,.email
MP:ilness o, disease . MR;: physician ~ ncrm ,  physician  ,.crm ,
MR:ilness  n sickness , MRg: patient  nname, patient j.patname
MR: anamnesis , medicalHistory 1 MRg: patient  naddress ,, patient .pataddress
MRo: case mdate m clinicalCase  j.start ) MRo: patient  ncompany ,, patient j.coorp i
MR;: case mpdiagnostics  n  clinicalCasel.hypothesis 1 MR,;: patient  n,phone , patient ;.cellphone
MR:: case mdoctor n clinicalCase 1.agent MP;: patient  ncoorpid ,, patient j.coorp 1
MR3: case finaldate m clinicalCase s.end ; MR: patient mhame,, patient ,.name,
MR,: case mdischargedate clinicalCase rend ; MR,: patient  naddress , patient ,.address ,
MRs: case ncomplaint , clinicalCase 1.maincomplaint MRs: patient  ncompany ,, patient ,.company »
MRe: case mhypothesis n clinicalCase 1.hypothesis MRg: patient  pmcellphone , patient  ,.cellphone
MR7: case mdate n case ..startdate MR;: patient  ncoorpid ,, patient .company ,
MRg: case pdiagnostics m case .diagnostics 2 MRg: patient  ,rg n patient ,.rg »
MRe: case pdoctor n case pdoctor p MR: anamnesis ,id , medicalHistory phistid
MRBo: case phypothesis o case .diagnostics MR,: anamnesis npallergies  ,, medicalHistory ,.allergies
MR, : case mmaincomplaint , case ;.complaint MR;: anamnesis mncaseid ., medicalHistory ;.case
MR.: case mcomplaint m case p.complaint MR;: anamnesis mprocedures o, medicalHistory j.orders
MBs: physician ~ mnamen healthAgent —;.agname; MRs: anamnesis ndate , medicalHistory  j.date ;
MRy: physician  mspecialty — n healthAgent i.specialty MR,: anamnesis ncase , medicalHistory  ;.case ;
MBs: physician memail , healthAgent ;.email ; MRs: anamnesis  ,familyHist m
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medicalHistory 1.familyHistory 1 MRo: anamnesis  nallergies m  medicalHistory ,.allergies 1
MRg: anamnesis nordersHist m medicalHistory j.orders 1 MR;: anamnesis ncaseid , medicalHistory j.case 1
MR;: anamnesis  nallergicHist m MmedicalHistory 1. MR;: anamnesis mnprocedures  medicalHistory j.orders 1
allergies 1 MR;3: anamnesis ndate , medicalHistory j.date
MRg: anamnesis  nfamilyAnnotation m MRs: anamnesis  nfamilyHist m
medicalHistory 1.familyHistory 1 medicalHistory 1.familyHistory 1

MRgo: case ncCase n patient mnpatient o

clinicalCase 1.clinicalCase 1_ref_patient 1.patient
MRy: case ncase n patient ppatient

case p.case ,_ref_patient 2.patient

MR;: case pcase n ref_physician mphysician
clinicalCase 1.ClinicalCase 1_ref_healthAgent 1.healthAgent
MR;: case mcase n_ref_physician mphysician

case ;.case ,_ref physician 2.physician  ;

MR;3:ilness  nid , disease i.id 1

MR,: ilness  diseaseid  disease ;.diseaseid
MRs: ilness  description m disease j.description 1
MR: ilnessm.sicknessidm diseasel.diseaseidl
MRy:ilness  nid n sickness ..id -

MRg: ilness  ndiseaseid . sickness ,.diseasecode -
MRg: ilness  ntaxonomy  sickness .taxonomy

MBy: ilness  sicknessid m Sickness ,.diseasecode
MRB;:ilness  jtaxonomy , sickness ;.classification 2
MR,: case npcase n ref ilness milness

clinicalCase 1.ClinicalCase ,_ref_symptom ;.symptom ;
MR3: anamnesis panamnesis n_ref_case mncase n
(clinicalCase ;.clinicalCase ,_ref_medicalHistory 1.
medicalHistory ;) *

MB,: case mpcase n ref_ilness milness

case .case ,_ref sickness  ,.sickness

MRgo: case ncCase n patient npatient o

clinicalCase 1.clinicalCase 1_ref_patient 1.patient
MRy: case ncase n patient ppatient

case p.case ,_ref_patient 2.patient

MR;: case pcase n ref_physician mphysician
clinicalCase 1.clinicalCase 1_ref_healthAgent 1.
healthAgent

MR;: case mcase n_ref_physician mphysician

case ;.case ,_ref physician 2.physician  ,

MR;3:ilness  id ,, disease .d 1

MRy,: ilness  diseaseid  disease ;.diseaseid
MRs: ilness  description m disease ;.description 1
MRg: ilness  nid n  sickness ..id -

MRy:ilness  ndiseaseid 1 sickness ,.diseasecode »
MRg: ilness  ntaxonomy  sickness .taxonomy

MRy: ilness  psicknessid m Sickness ,.diseasecode
MBy: ilness  ntaxonomy , sickness ;.classification 2
MR,: case npcase n ref_physician mphysician

case ;.case ,_ref physician 2.physician  ;

MR;3:ilness  nid , disease i.d 1

MRy: ilness  diseaseid |, disease ;.diseaseid
MRs: ilness  description m disease ;.description 1
MR: ilness  ,sicknessid m disease i.diseaseid
MRy-:ilness  id ,, sickness ,.d

MRg: ilness  diseaseid 1 sickness ,.diseasecode »

After analyzing the schemas of Figures 5, 6 andnd a | MReilness  ntaxonomy n sickness ,.taxonomy »

schema mappings of Table 4, the 1Q module calculdie
following minimality values for the integrated sohe:
Red(case ,,S ) = 0.3750; Red(patient mSm =
0.1250; Red(physician mSm = 0.2778;
Red(ilness ,,S ) =0.3333.

These entity minimality scores result in a integdat

schema with overall minimality degree of 72.22%.eTh(=s.)

27.78% of redundancy can be completely eliminatedhle
algorithm presented in Section 5. The output of Qe
manager adjustment process is the minimal integrsthema

MRyo: ilness  nysicknessid  , sickness ,.diseasecode
MPB,: case ncase n ref_ilness milness

clinicalCase 1.clinicalCase 1_ref_symptom ;.symptom ;
MR3: anamnesis nanamnesis o ref_case mncase n
(clinicalCase 1.clinicalCase 1_ref_medicalHistory 1.
medicalHistory ;) *

MRy4: case mcase n _ref_ilness milness

case ;.case ,_ref sickness  ,.sickness

cellphone, code. specialty,
sode,
address,

tient

—
G

presented in Figure 8 and non-redundant set ofnsghe dmh email,

mappings in Table 5.

complaint,
Table 5 Schema mappings between the minimal integrated @ Ceaseia D - %

schemd5,, and the source schenfdsandS,

MR:case n, clinicalCase 1

MR:case , case

MR: physician m healthAgent ;

MR;: physician m physician

MR: patient m patient

MR: patient m patient

MRB: ilness m disease

MR: ilness m Sickness

MR: anamnesis , medicalHistory 1

MR,: case date , clinicalCase i.start g

MR;: case pdiagnostics m  clinicalCasel.hypothesis 1
MR,: case doctor , clinicalCase .agent

MR4: case mdischargedate m CclinicalCase .end
MRs: case mcomplaint clinicalCase 1.maincomplaint
MRy: case ndate ,, case .startdate 1

MRg: case pdiagnostics m case j.diagnostics 2

MRy: case doctor ,, case ,.doctor

MR,: case pcomplaint , case j.complaint

MRg3: physician mname , healthAgent ;.agname ;

MRy4: physician mspecialty , healthAgent ;.specialty
MRs: physician memail  healthAgent ;.email

MRBs: physician mcode n,, healthAgent ;.agid ;

MRg: physician mCrm ,  healthAgent j;.medicalid ;
MRBy: physician mname , physician  ,.name

MRy: physician maddress n physician ,.address »
MR;: physician mSpecialty m physician  ;.specialty 2
MR;: physician mcode m physician  ,.cpf

MRg: physician memail , physician ,.email ,

MR;: physician mCrm o, physician  ,.crm

MRg: patient mnName, patient ;.patname ;

MRyg: patient maddress , patient j.pataddress

MRso: patient mcompany ,, patient j.coorp i

MR;: patient mphone , patient j.cellphone 1

MR;: patient mName, patient ,.name,

MR,: patient maddress , patient ,.address »

MR;s: patient mcompany ,, patient ,.company »

MRs: patient mcellphone ,, patient .cellphone
MRg: patient mfg m patient ,.rg 2

MRg: anamnesis nid n medicalHistory 1histid 4

taxonomy,

9 familyHist,
®
: e

Figure 8. Minimal integrated schem&{)

To experiment our arguments and points of view, we

choose four types of user queries and executedsahge

guery over the redundant schema of Figure 7 and thee

minimal schema of Figure 8. Each query was subdhiite
times, and its processing times were computed!l lofdahe
four queries, the average execution time was lawemn the
integrated schema is minimal, as it can be seehdnuser
gueries UQ1 to UQ4 presented as follows.

UQL1: simple selection

This user query is a simple selection asking fortta

attributes of the mediation entignamnesis ., The graph

of Figure 9, illustrates the execution times.
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Figure 9. Execution times of a simple selection user query
(UQl)

The average execution time for the first query Uds
69,372seconds in a redundant schema veBsy809seconds
for the same query submitted over a minimal schehhe. The average execution time in this case V88913
query returned over 1.000 records. This represeritedseconds in the first submission over the redundahema

Figure 11 Execution times of a user query with containment
relationship and condition (UQ3)

percentage gain @f6,65%.

UQ2: selection with condition

This query is a selection asking for all the atttés of the

anamnesis ,entity with surgery procedures.

The graph of Figure 10, illustrates the set of ekea
times of UQ2 submitted over the redundant and thénmal

schemas.
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12,000 * *

10,000

8,000

6,000 -
4,000

2,000

Execution time in seconds
I
I

0,000 T T T T

Query execution

# Redundant schema W Minimal schema

versusl3,590seconds for the same query submitted over the
minimal schema. This represents a percentage iraprent
of 62,16%.

UQ4: join with one condition

This query is a join between the entities case @ngician,
asking for the attributes of the cases which pligsi have
last name “Kaufmann”. The graph of Figure 12, iilates
the execution times.

The average execution time in this case Wa&s078
seconds in a redundant schema veB885seconds for the
query submitted over a minimal schema. This repissa
percentage gain &1,0®6. Thus, this confirms the existence
of improvements in query execution time.

14,000
1200 @& & @ ® o

10,000

8,000 - = - -

6,000
4,000

Figure 10. Execution times of a user query with condition

Execution time in seconds

2,000
0,000

2

3

(UQ2)

The average execution time wh$,831seconds over the
redundant schema ar@l897 seconds for the same query
submitted over a minimal schema.

Query execution

# Redundant Schema @ Minimal Schema

Figure 12 Execution times of a join (UQ4)
The query returned over 500 records. This represant

percentage gain @fl,70%. It is important to observe that in all of the testases, the

results confirm the existence of improvements irergu
execution time. The execution times for queriesrothe
minimal schema were significantly minor. The fowegy
execution times are summarized in Table 6 andgorei13.

UQS3: Join with two condition tests

This query is a join betweearase ,, andpatient |, entities.
It asks for case elements which patients live ity df
“Recife” and state of “Pernambuco”. The graph afufe 11,
illustrates the UQ3 execution times.

Table 6 Summary of query execution times
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consistency and completeness criteria using siniacepts

as used in [10, 13, 40]. More detail about our wawitk other

IQ criteria is presented in [6, 7, 8].
Possibly, we also may extend our 1Q studies toyarahe
quality impacts in information retrieval area.
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